We consider the electromagnetic inverse scattering problem of determining the support of an orthotropic or anisotropic anomaly in a homogeneous background medium from a knowledge of the electric far eld pattern corresponding to the scattering of electromagnetic plane waves. Our aim is to derive a linear integral equation of the rst kind from which the support of the anomaly can be found by examining the behaviour of the (regularized) solution. The analysis is based on a study of an interior transmission problem for Maxwell's equations.
A second problem involving microwave imaging for anisotropic media is the attempt to develop a method for the nondestructive testing of airplane canopies. These canopies are built of an anisotropic polycarbonate material which looses its impact toughness due to prolonged exposure of ultraviolet radiation from the sun. It is hypothised that this loss of impact toughness can be correlated to a change in the ratio of the magnitude of the diagonal to the o -diagonal terms of the permittivity tensor and hence it is desired to detect such changes by nondestructive methods. In particular, it has been proposed that a \coupon" of the same material can be attached to the airplane and periodically removed and tested for changes in the index of refraction of the type mentioned above.
The mathematical basis for medical imaging and nondestructive testing problems such as those described above is the theory of inverse problems and in particular inverse scattering theory 2]. This theory is mathematically and numerically welldeveloped for scalar two-dimensional problems and, in principle, such methods can also be used for three dimensional isotropic problems. However, for problems involving anisotropic media, linear methods in inverse scattering are not applicable and nonlinear optimization methods appear to be not only very expensive computationally but also to su er from problems of local minima which were not present in the two dimensional scalar case 12] . Hence, for the case of anisotropic media, a new approach to the inverse scattering problem of determining the index of refraction from the measured scattering data seems highly desirable.
For the case of scalar isotropic media, a new approach to the inverse scattering problem which preserves many of the positive features of both linear and nonlinear optimization methods and at the same time avoids some of their pitfalls was recently developed in 1], 4] and 6]. The attractive features of this new method, which we have called the \simple method", is that no low frequency or high frequency approximations are made and its implementation only requires the solution of a linear integral equation of the rst kind. The price paid for avoiding solving a large nonlinar optimization problem is that only the support of anomalies in the index of refraction against a known background medium are obtained rather than the actual values of the index of refraction itself. However, for the problems of concern to us in medical imaging and non-destructive testing, this information is all that is needed and hence we would like to extend this simple method for solving inverse scattering problems for isotropic media to the case of anisotropic media. It is the purpose of this paper to accomplish this goal. In order to simplify our presentation, we will consider only a homogeneous background medium instead of the more realistic piecewise homogeneous background and restrict the inhomogeneities in the background media to be conductors. The extension of our results to the case of a piecewise homogeneous background medium can be done exactly as in the case of isotropic media 4] and our results remain valid for a dielectric anomaly if we assume the wave number is not a transmission eigenvalue, i.e. there does not exist a non-trivial solution to the homogeneous interior transmission problem (see section 3).
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The plan of our paper is as follows. In the next section we introduce the direct scattering problem for orthotropic and anisotropic media and indicate how these problems can be solved by the method of integral equations 9], 10]. In Section 3 we then use these ideas to establish the existence of a unique solution to the interior transmission problems associated with each of these direct scattering problems. Here it will be necessary to make a number of assumptions on the permittivity and conductivity tensors, the most serious being a restriction that the euclidean matrix norm of the imaginary part of the index of refraction is small. Although it would be highly desirable to remove this restriction, for the problems of interest to us in medical imaging and non-destructive testing the condition imposed on the index of refraction does not appear unduly severe. Finally, in Section 4, we will use our results on the interior transmission problem to derive a simple method (in the sense of 1] and 6] for isotropic media) for solving the inverse scattering problem for inhomogeneous orthotropic and anisotropic media.
To our knowledge, this paper is the rst to treat the electromagnetic inverse scattering problem for an inhomogeneous anisotropic medium. For the inverse scattering problem for a homogeneous orthotropic medium we refer the reader to 3] whereas for attempts to use nonlinear optimization methods for an inhomogeneous orthotropic medium see 12].
2 The direct scattering problem for an anisotropic medium.
In this section we consider the direct scattering problem for electromagnetic waves in an inhomogeneous anisotropic medium. In particular, we denote the permittivity tensor by = (x); x 2 IR 3 , the (constant) scalar magnetic permeability by = 0 and the electric conductivity tensor by = (x). Then assuming the current density J is related to the electric eld E by J = E and denoting the magnetic eld by H, we where r = jxj and u 1 is the far eld pattern of the scattered wave. We de ne M by M := I ? N where N is given by (2.11).
The existence and uniqueness of a solution to the direct scattering problem for an orthotropic and anisotropic medium by the method of integral equations has recently been established by Potthast 9] 3 The interior transmission problem for an anisotropic medium.
We will use this section to formulate and solve weak interior transmission problems for an orthotropic medium and for a three-dimensional anisotropic medium. A discussion of the corresponding scalar isotropic problems can be found in 2], 6], 7] and 11]. The results obtained in this section will be used in the next section to derive a \simple method" for solving the inverse scattering problems for orthotropic and anisotropic media.
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We rst consider the orthotropic medium as introduced in Section 2. Since for the solution of the interior transmission problem we will work in special weighted L 2 ?spaces we rst spend some time to describe necessary assumptions on the matrix M = 1 ? N for these spaces to be suited to our needs. 
the matrixM satis es the condition 
is bounded in L 2 ? (D).
We will now turn our attention to the problem of showing the existence of a unique weak solutionũ;ṽ of the two-dimensional interior transmission problem r Nrũ + 2ũ = 0; 4 2ṽ + 2ṽ = 0 in D (3.15) u ?ṽ = (:; x 0 ); @ũ @ ? @ṽ @ = @ @ (:; x 0 ) on @D (3.16) where N is the refractive index of the orthotropic medium de ned in Section 2, is the unit outward normal to @D and (:; x 0 ) is given by (2.15) with x 0 2 D.
In Section 4 we will solve the inverse scattering problem with the help of a linear integral equation which has a solution if and only if the interior transmission problem (3.15), (3.16) has a solution which is a Herglotz wave function (see Section 4). This is true only in very special cases. Thus we need to consider appropriate approximate solutions of this integral equation. We will show the existence of such approximate solutions using a weak form of the interior transmission problem for all functions h of the form h(x) = r x (J p ( r)e ip ), p = 0; 1; 2; ::: where x = (r cos ; r sin ). Note that the span of the functions r x (J p ( r)e ip ), p = 0; 1; for all 2 X with a positive constant c. We see that (3.36) is true by using (3.6) - Thus the pair w; v solves the weak interior transmission problem and the proof is nally complete.
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We will now outline the proof for the case of an anisotropic medium. Motivated by the discussion in Section 2, we de ne the strongly singular operators 2 (x) j added to (3.9). Finally, the sesquilinear form h:; :i is de ned by (3.14) and is bounded in L 2 ? (D).
For the three dimensional anisotropic scattering problem the interior transmission problem is de ned by for the functions E 0 ; E 1 ; H 0 ; H 1 in C 1 (D) \ C(D) and a given direction q where is again the unit outward normal to @D. We will solve the inverse scattering problem for an anisotropic medium using an integral equation which has a solution if and only if the above interior transmission problem has a solution E 0 ; E 1 ; H 0 ; H 1 such that E 0 ; H 0 is an electromagnetic Herglotz pair (see Section 4). This is true only in very special cases. Thus we will need to look for approximate solutions of the integral equation. To prove their existence we use a weak form of (3.51), (3.52). To motivate the weak form of the interior transmission problem we use Green's rst vector theorem (6.2) of 2] and follow 10] to obtain after some calculations that for every solution of (3.51), (3.52 To prove a uniqueness theorem for the weak interior transmission problem we rst need to have a closer look at the space H. We will need the following lemma. In this nal section of our paper we will use the results we have obtained for the interior transmission problem to derive a method for solving the inverse scattering problem of determining the support of a penetrable inhomogeneous anisotropic medium from a knowledge of the far eld data.
We begin our discussion with the orthotropic case. Assume that the far eld We complete the proof by showing that the norm k (:; x 0 ) k H 1=2 (@D) blows up for x 0 ! @D. Then we obtain the second equation of (4.3) and the rst equation of To prove the existence of approximate solutions of (4.14) satisfying (4.15) we rst need the following lemma where, as previously de ned, H is the closure in L 2 ? (D) of the space of all entire solutions to the Maxwell equations (2.5). 
We now proceed to the proof of the existence of an approximate solution of (4.14) satisfying (4.15). 
